Dirac notation 
inner product Ug) f (z)g(z) dz (flg ) ^ (glf )* 


(e| za Zelta) (Yon D= aul 


Hermitian operator A, 


Cauchy-Schwarz inequality (flAg ) = (Aflg ) (FIF (ala) > Glo 

commutation relations [Â, B] = AB— BA (3, Pa] = iñ 

generalized Ehrenfest theorem, 

generalized uncertainty principle S ([& y AAAB»I NE 8| 
dt ih ' -2 : 


Orbital angular momentum 


classical quantities Lz = Spy — yps L= Iw Erot = a p — [IA L 
operators L, = —ih lx B "s L;— n2 Le L, + (is + (Ua 
commutation relations Es bi] —ihL, [L,, L4] -—ihL, fem Ls] = iħLy E, L] =0 
eigenvalues LS --iye L,-— mh 1—20,1,2,..., m-0,-cl, ... «lI 
. "NET 
Spin angular momentum (spin-5) 
general spin matrix, s h [| cos0 c'h stn 0 cos(0/2) —e- 1? sin(0/2) 
general eigenvectors Sn - Tal =l | la = 
2 lei?sinÜü — —cosÓ e? sin(0/2) cos(0/2) 
h < hI0 —i P hill 0 
spin matrices —— S= = S: =- 
commutation relations Pa = iħ§, ETA = iħS, IS - in, Y 8.] =0 
eigenvalues 8? = s(s-- LH S, TAH g= i. Ms = +4 
energy levels Emag = UH: B HU = YS fi = -y BS 
Identical particles 
singlet spin ket Z (l 11) -111)) = 10,0) 
triplet spin kets — |11)—|L1)  Zg(ITD -110)-2150  [41)=11,-1) 
spin total wave function exclusion principle composite particle 


fermion 53, antisymmetric odd number of fermions 


boson z PoR symmetric even number of fermions 


Complex numbers 


0 i0 


z—r-iy-re z'—ry-iy-re | = z7 =r y Hr 
Re(z) = ia: Im(z) = EE g^ = hein 
2 2i 
ið | o—ið ið — ,—i0 
e — cos 0 + isin 0 NT TE r eo sin 0 = E 
2 2i 
et = —1 ei7/2 =i e in/2 = Zi 
Elementary functions (a> 0,b>0) 
ee” — e7tY Ina + lnb = ln(ab) eha = lne" = a 
cz —nx qd. um 
e” = cosh z + sinh x cosh z = am sinh z = —— 
cos(0 + T) = — cos 0 sin(0 +r) = — sin 0 tan(0 + r7) = tan 0 
cos(0 + 1/2) = — sin H sin(0 + 1/2) = cos 0 tan(0 + 1/2) = — cot 
cos(0 — 1/2) = sin 0 sin(0 — 1/2) = — cos 0 tan(0 — 1/2) = — cot 0 
cos(20) — cos? 0 — sin? 0 sin(20) = 2sin 0 cos 0 tan(20) = 2tan 0/(1 — tan? 0) 
sin(A + B) = sin A cos B + cos Asin B cos(À + B) = cos A cos B F sin Asin B 
sin Asin B = 3(cos(A — B) — cos(A + B)) cos Acos B = į ( cos(A — B) + cos(A + B)) 
sin Acos B = {(sin(A — B) + sin(A + B)) cos? A - sin? A— 1 
Physical constants 
Planck's constant h 633310 9*J8 Planck's constant /27 h 1:06 x 10-7* Jg 
vacuum speed of light c 3.00 x 108 m s7} Coulomb law constant d 8.99 x 10? m F7! 
permittivity of free space eg 8.85 x 1071? F m^! permeability of free space ug 4r x 10H m^! 
Boltzmann's constant k 1.38 x 10723 J K7! Avogadro’s constant Nm 6.02 x 10? mol! 
electron charge —e —1.60 x 1071? C proton charge e 1.60 x 1071? C 
electron mass Me 9.11 x 10^?! kg proton mass Mp  1l.67x 107?" kg 


Bohr radius ao  5.28x107!5 m atomic mass unit u 1.66 x 107?" kg 


Definite integrals for positive integers n and m 


(f(x) an odd function) 


f sin(nz) sin(mz) dx = 7 9m 
0 


1/2 
f sin(nx) sin(mzr) dz = 5 5m (n+ m even) 


—mn/2 


TT 
nT 
cos? rdr = — 
0 2 


nT 2..2 
£ cos? x dz = 


Ss 
3 
aE 


nT 33 
n?n nT 
x? cos? zdz = —— + — 
0 6 4 


nn/2 
f cos? z dr = T 


—nm/2 


nn/2 3,3 
f r? cos? zdr = ae + aE 
—nn/2 24 4 


nz/2 Bod 
f r°? cos xdr = Iann (87 — vl (n odd) 


—nmn/2 


Fora»0,n20,m721: 
ee 2 2 
l TI dy = ayr 
X. 
/ pH. TI dro ya (n20) 
0 


f 5e nas E 1 x 3 X- — (2n E 1) a2 m, 
2 for (n 2 1) 


f f(x)dr = 2 f f(x)dx (f(x) an even function) 
—a U 
ri cos(nx) cos(mz) dx = T Onm 

" 2 


T/2 
f cos(nx) cos(mx) dz = 5 nm (n+m even) 
—mn/2 


NT 
: nu 
sin? zdz = — 
0 2 


nT 2—2 
. NIT 
| rsin? zdr = 
0 


nT TE n34? na 
x’ sinf zdr = —— - — 
0 6 


4 


—nm/2 
nn/2 3,3 
I r? sin? edr = 77. — D E 
—nn/2 24 4 
nn/2 


n/2 


r°? coszdgr = (—1)"? 2»n, (n even) 


oo 
f r'e "dy =n! 
0 


/ e^? ekt de = yne PIA (k real) 


nl-lx2»x-.-xn 01-1 


